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（PDC）法是制备 SiC 陶瓷的主要方法，而聚碳硅烷（PCS）作为 PDC 法制备
















在催化剂作用下，AHPCS 中的 Si-H 或 C=C 与 VF 中的 C=C 发生了加成反应，
制得了低氧含量的具有超支化结构的聚铁碳硅烷；VF 的引入促进了先驱体的交
联，并显著地提高了陶瓷产率；在 1300°C 热解制备得到的陶瓷中，大小约为 10nm
的 α-Fe 磁性纳米晶粒均匀地分布在 SiC(O)的陶瓷基体中，使得陶瓷展现出良好
的软磁性，并可通过控制先驱体中 VF 的引入量来调控陶瓷中 Fe 元素的含量以
及陶瓷的磁性能。 

















铁碳硅烷（AHPFCS-B）。研究表明：9-BBN 的引入对 VF 上茂基的吸收峰产生
了影响，改变了 Fe 元素在先驱体和交联样品中的化学环境；9-BBN 将更多 VF
固定在了先驱体中，使得陶瓷中 Fe 元素含量增加，减少了 VF 由于沸点低造成
的损失；少量硼元素（不超过 1%）的引入能提高先驱体的陶瓷产率以及陶瓷的
高温致密性，改善了陶瓷的烧结性能；先驱体在 1500°C 热解得到的陶瓷中，存








































Silicon carbide (SiC) ceramic has been widely applied in high technology fields 
such as information, machinery, energy, aviation and aerospace, because of its 
superior physical and chemical performance such as high-strength, high modulus, 
high temperature resistant, low density, corrosion resistant and antioxidant, and it is 
considered as one of the most brilliant materials applied in aviation and aerospace in 
twenty-one century. Nowadays, the main preparation method of SiC ceramic is 
polymer derived ceramic (PDC), and polycarbosilanes (PCSs) are extensively studied 
as the precursor of SiC prepared via the PDC route. However, with the development 
of technology, higher requests to the properties of SiC ceramic put forward in each 
application field, and the main method for preparation of high-performance SiC 
ceramic is the introduction of heterogeneous elements to the PCSs. Hence, for 
obtaining higher performance SiC ceramic, the key point is to synthesize the PCSs 
with heterogeneous elements.  
In our work, a series of hyperbranched polycabosilanes with transition metals (Fe, 
Ti) were synthesized via polymer route or monomer route. SiC based composites were 
obtained after cross-linking and pyrolysis of the resultant precursors. Thus, our 
research interests mainly focus on the synthesis, cross-linking and polymer-to-ceramic 
conversion of precursors as well as the properties of the resultant ceramics. The 
structure, composite and molecular weight of precursors were investigated by Fourier 
transformed infrared (FTIR) spectroscopy, nuclear magnetic resonance (NMR) and 
gel permeation chromatography (GPC). The cross-linking, the structural evolution 
during the polymer-to-ceramic conversion of as-synthesized precursors were studied 
by FTIR, solid-state 
13
C magic angel spinning (MAS NMR) and thermal gravimetric 
analysis (TGA). The composition, thermal behavior, crystallization, microstructure 
and magnetic properties of resultant ceramics were investigated by energy dispersive 
spectrometer (EDS), X-ray diffraction (XRD), scanning electron microscope (SEM), 

















Firstly, magnetic SiC ceramics were obtained after cross-linking and pyrolysis of 
hyperbranched polyferrocarbosilane (AHPFCS), which was synthesized by reactions 
between oxygen-free vinylferrocene (VF) and allylhydridopolycarbosilane (AHPCS) 
with isopropyl alcohol solution of chloroplatinic acid as a catalyst. The results show 
that the as-synthesized precursor has hyperbranched structure and low oxygen content 
via addition reactions between the Si-H or C=C in AHPCS and C=C in VF. The 
introduction of VF improves the cross-linking of the precursors and ceramic yields 
significantly. It is suggested in the 1300 °C resultant magnetic SiC ceramics, α-Fe 
nanoparticles (~10nm) were uniformly dispersed in amorphous SiC(O) matrix, which 
might be responsible for the soft magnetization of the ceramics. Moreover, iron 
content of the ceramics could be easily controlled by the amount of VF in the 
precursors, leading to the tailored magnetic properties. 
Secondly, boron-modified AHPFCS precursors with hyperbranched structure 
namely AHPFCS-Bs, were prepared by the hydroboration between B-H in 9-borabi- 
cyclo [3, 3, 1] nonane (9-BBN) and C=C in AHPFCS. The results show that cyclo- 
pentadienyl resonance in VF has changed after the introduction of 9-BBN, which 
indicates that chemical environment of iron element had also changed in precursors 
and cross-linked samples. The iron content in ceramics increases with the 
introduction of 9-BBN into the precursors, due to the mass loss of VF caused by low 
boiling point decreasing. The results also show that the incorporation of a small 
amount of boron (≤ 1 wt%) into precursors could increase the ceramic yield and 
improve sintering and ceramic densification to some extent. It indicates that the 
1500 °C ceramics contained β-SiC, α-SiC, graphite, and the iron element in ceramics 
as the form of α-Fe and FeB ferromagnetic particles. Furthermore, the saturation 
magnetization of the ceramics increases by the introduction of boron element. 
Finally, hyperbranched polytitanocarbosilane (HPTiCS) was firstly synthesized 
by Grignard coupling reaction and reduction reaction, using (chloromethyl) 
trichlorosilane (Cl3SiCH2Cl), (chromethyl)methyldichlorosilane (Cl2(CH3)SiCH2Cl) 
















suggest that the titanium element inserts into the molecular chain in the form of 
chemical bonding, and dispersed in the precursors at atomic level. In comparison 
with HBPCS prepared by the same route using Cl3SiCH2Cl and Cl2(CH3)SiCH2Cl as 
raw materials, the ceramic yield of HPTiCS significantly increases, which is ca. 33 
wt% higher than that of HBPCS in 1200 °C, and the ceramic densification is 
improved as well. 
 
Keywords: Hyperbranched; Vinylferrocene; Bis(cyclopentadienyl)titanium dich- 

















































1.1 引言  









硬度为 9.2~9.5，显微硬度为 33400MPa），热导率高（大约为 Si3N4 陶瓷的 2 倍），
热膨胀系数低（大约为 Al2O3 陶瓷的 1/2），具有优异的高温强度和抗高温蠕变能
力，且抗热震性好、化学稳定性高（不溶于一般的酸和混合酸中）[3,4]。这些优
异的性能使得 SiC 陶瓷被认定为 21 世纪航空航天领域最有应用前景的材料[5]。 
目前制备 SiC 陶瓷的主要方法有：烧结法、化学气相沉积法（Chemical Vapor 






在 20 世纪 60 年代，Ainger 和 Chantrell 等[8,9]便对 PDC 法制备无氧陶瓷做了相关
报道，随后，Verbeek 等人[10-12]使用聚硅氮烷（Polysilazane, PSZ）、聚碳硅烷


















域，为 PDC 法制备高性能陶瓷纤维奠定了基础。 















性能优异的 SiC 陶瓷先驱体，被广泛用于制备各种 SiC 基陶瓷材料，是近几十年
来人们高度关注和研究的热点。 
1.2 SiC 陶瓷聚合物先驱体的研究 
SiC 陶瓷的先驱体聚碳硅烷（PCS）是一种主链由 Si-C-Si 构成的有机聚合物，
含有 Si-H 及少量的 Si-O 等结构单元，分子结构中的活性官能团（如 Si-H）易和
其他物质发生化学反应或自身发生化学反应。聚碳硅烷最重要的特性是在非氧化
性气氛中或真空气氛中烧到 850°C 以上即可转变为 SiC 陶瓷，在此转变过程中，
聚碳硅烷首先发生交联反应形成空间网状结构，随后高温裂解脱去侧链上的甲基
等有机基团，经历有机到无机化转变过程以及陶瓷晶体结构不断完善的过程，最
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